Astrocytic involvement in learning and memory consolidation.
Astrocytes play fundamental roles in brain function, interacting with neurons and other astrocytes, yet their role in learning is not widely recognized. This review focuses on astrocytic involvement in memory consolidation following bead discrimination learning in day-old chick and draws parallels to mammalian learning, providing strong empirical support for the conclusion that the described neuronal-astrocytic interactions are universally valid. It identifies specific mechanisms whereby astrocytes support memory consolidation. Uptake of glucose, stimulated in astrocytes by beta(3)-noradrenergic receptor activation, provides energy by glycolytic/oxidative metabolism. Unlike neurons, astrocytes carry out net synthesis of tricarboxylic acid cycle intermediates needed for synthesis of transmitter glutamate formed by rapid degradation of glucose-derived glycogen and stimulated by beta(2)-noradrenergic receptor activation. This makes learning dependent on glycogenolysis and its stimulation by noradrenaline. Astrocytes take up most synaptically released glutamate, terminating transmitter activity and returning glutamate to neurons in a glutamate-glutamine cycle, interference with which abolishes learning. The various astrocytic activities follow a rigidly controlled time schedule, easily determined after bead discrimination learning but also detectable in other paradigms.